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Abstract

Shatt Al-Arab River is regarded as one of the most important rivers in Irag and the main

source of surface water in Basra governorate. Its water is used for various purposes; drinking,
irrigation, fisheries, navigation, and industry. Shatt Al-Arab River forms at Qurna where the
Tigris and Euphrates Rivers join together, it’s a conjunction link of freshwater from Iraq into
the Arabian Gulf.
This river has been subjected to increase salt concentration; the principal reason for this is local
and regional factors. The former is due to water pollution. The latter is the low-level discharge
from Tigris and Euphrates. The high salt level in Shatt al-Arab is a threatening environmental
disaster.

In this paper, factors that participate in the present-day state of Shatt Al-Arab to change the
physical properties of its water have been studied by analyzing the effect of natural and
anthropogenic variations of main sources and by analyzing data observation of salt in Shatt Al-
Arab and water discharge in Kassarah Dam, with focusing on the future challenges expected
for Euphrates and Tigris rivers and their effects on Shatt Al-Arab, mostly based on a literature
review of recent foreign publications on the problem.
The results show a significant increase in salinity over time from upstream to downstream of
Shatt Al-Arab, resulting in a decline in quantity and quality of freshwater, and as long as the
sources of Shatt Al-Arab go on water shortage or dry up; water of Shatt Al-Arab will turn into
seawater coming from the Arabian Gulf with the tidal wave.

Keywords: watersheds, future challenges, salinization, freshwater, ecosystems.

Introduction

Shatt Al-Arab River (SAR) is regarded as
one of the most important main rivers in
Iraq and the main source of surface water
in Basra governorate; its water is used for
various purposes; drinking, irrigation,
fisheries, navigation, and industry.

The SAR is a 195-km-long tidal river
flowing south-eastwards, passing along the
city of Basra, then the Iraqi port of Abo
Flus and the Iranian port of Abadan,
subsequently the city of Faw and from

there, a final 18-km stretch where it
discharges into the Arabian Gulf (also
called the Persian Gulf, hereafter referred
to as the Gulf).[1]

SAR originates from the confluence of two
large Asian rivers Euphrates and Tigris,
and, in essence, is the mouth part of the
channel system of these rivers. Moreover,
SAR is an independent  mouth
hydrographic feature, which occupies an
intermediate  position  between  the
Euphrates and Tigris river systems, on the
one hand, and the Gulf of the Indian Ocean,
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on the other hand [2]. SAR also receives
small streams from Sweeb River, which
brings its water from the Hawizeh marshes,
shared between Iraq and Iran (fig.1); its
water sources from Karkheh and Tigris
Rivers. The last SAR source is the Karun
River, which can be considered a shared
basin because it discharges into the SAR,
which forms the Iran-Irag border [3]. Thus,
the SAR receives waters originating from
the indicated rivers' watersheds located in
Turkey, Syria, Iran, and Irag. The river also
serves as a boundary between Irag and Iran
8 km upstream of the Karun River's inlet
through to the SAR estuary. [1]

SAR forms the main source of freshwater
for the Arabian Gulf and plays an important
role in marine habitats in the Gulf’s north-
eastern coastal areas. However, the large-
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scale development of upstream water
regulation and dam structures and the
drainage of the Mesopotamian Marshes
have caused severe salinization of the river.
This threatens marine ecosystems in the
Gulf and jeopardizes agricultural activity
along with the Shatt Al Arab.[3]

This paper aims to study all factors that
participate in the present-day state of the
SAR to change the physical properties of
its water by analyzing data observation of
salt in SAR and water discharge in
Kassarah Dam. Besides, analyze the effect
of natural and anthropogenic variations of
main sources and focus on the future
challenges expected for Euphrates and
Tigris rivers and their effects on SAR
mostly based on a literature review of
recent foreign publications on the problem.

48[E

N

32°N—

31°N—+

i ) C Hammar

Mesopotamian
Marshes

- International boundary
®  Selected city, town

P~ .
-~~~ River
277 Intermittent river, wadi

—= Canal, irrigation tunnel
ET= Wetland

Extent of marshlands 1970

€ Climate station

Natural Marsh Systems
A Haweizeh

B Central

e I Bundesanstsk ke
% BGR Szl
2w Rt

-~ S — Y

Inventory of Shared Water
Resources in Western Asia
Dise

T
47T°E

Fig (1) Mesopotamian marshes [3]

Geographical and Hydrological
Characteristics of SAR Sources:

Euphrates River is the longest river in
Western Asia. The river has three riparians’
countries, Irag, Syria, and Turkey, and its
basin is distributed among five countries.
Most of the Euphrates stream-flow

originates from precipitation in the
Armenian Highlands; contributions by the
remaining riparian countries are generally
small. In addition to some intermittent
streams, the Sajur, Balikh and Khabour are
the main contributors to Euphrates flow in
Syria.[3] Figure (2), with a wide and slow
stream, the river crosses the Syrian-lraqi
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border at Qaim. Downstream, the river
flows through the Jazirah plateau, a
limestone desert. The river then loses its
water into a series of braided channels,
some of which flow into the Hammar
marsh (Grego et al. 2004). However, it also
receives water from the Tigris River
through a canal from the Tharthar Lake
constructed to supplement the decreasing

joining the Tigris River at Qurna
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flows in the Euphrates due to upstream
developments.[1]

In their lower reaches, the Euphrates and
Tigris flow over the Mesopotamian
Lowland, which the sediments of these
rivers have formed. The slope of the water
surface here average 4x10° and 8x10™
respectively 1°1[2].

Euphrates River travels further south,

Saudi Arabia

™| Euphrates River Basin

® Busheti.

Fig.(2) Euphrates and Tigris Rivers Basin [3]

Roughly 75-80 percent of the Euphrates’
water is used in agriculture in Turkey,
Syria, and Irag. As irrigation has
expanded and new dams have been
added, Turkey's water volume flowing
through Syria to Irag has dropped. Since
Turkish and Syrian dams came into
operation in the 1970s, the flow into Iraq
has dropped dramatically from 700 cubic

meters per second (m3/s) to the current

level of 260 m°/s 2. Figure (3) compares
the average-flow hydrograph of the

Euphrates before and after modern
exploitation projects.[4]

The Euphrates River's mean daily
discharge at Hit and Haditha cities has
dropped from 967m?3/s (before 1972) to
553 m/s (after1985). The percentage
decrease in river discharge is 43% fig.
(H)[5]

Tigris River is the second-largest river in
western Asia, it has its springs in the
Taurus Mountains in Turkey, about 30 km
from the upper catchment of the Euphrates.
The tributaries Batman, Garzan and
Bokhtanchai contribute most of the Tigris’
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water in the upper reach (Italy- Iraq 2006).
The river flows south-east and forms the
Turkish-Syrian border (approximately 37
km) and the Syrian- Iraqgi border
(approximately 7 km) (Kliot 1994).[1]
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crosses the north Iragi border at Faish
Khabur village, located about 400 km from
the main sources [6], and flows for 1418
km inside Iraq (77% for the total length of
the river).

Jarablus, Syria
Hit, Iraq
Hindiyah, Iraq
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Fig.(3) show the comparison of the Euphrates’ flow before and after modern

exploitation projects [4]
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Fig. (4) Average monthly recorded discharges of Euphrates River at Hit and Haditha

stations for the period 1948-2007 [8]

It has five tributaries inside Iraq (Al-
Khabour, Upper Zab, Lower Zab,
AlUdhaim, and Diyala). The total
catchment areas are shared by Turkey,
Syria, Iraq and Iran [7],[8].[5]

Further downstream, at Missan, the river
divides into five main branches and a series
of canals. Four of the main branches

eventually lose their water into the marshes
while the principal channel travels further
south, joining the Euphrates at Qurna. Part
of the marsh’s water returns to the Tigris
on its right bank through several small
canals and mainly the Kassarah River,
north of Qurna [1]. Tigris River mean
discharge at Mosul city before 1984 was
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701m/s and dropped to596 m3/s afterward.
This implies a 15% decrease in the river
discharge Fig.(5) [5].

3500

Page | 139

3000

Years 1060 - 1990
Average Monthly Discharge (927 cumecs) ®4 Average Monthly |

Years 2000- 2012

Discharge (520
Ccumecs)

2500 I

2000

Hh

Average Monthly Discharge (cumecs)

|||||
EEECcEECEEEECCEECEEEEEEEE R

i i e B B e B e T e T e T e T e B o T e T B T B |

e e e e e e B e B T B B e T e B T o e e T T B T T e T e |

Fig.(5) Average Monthly Discharge of Tigris River at Sarai Baghdad Station|[8]

The Karkheh River Basin is located in
southwest Iran, between 30° 58—

34° 56’ N latitude and 46° 06—
49° 10 E longitude. The area is about 50
700 km?, with considerable variation in
elevation, from a minimum of 3m above
sea level in the south (Dasht Azadeghan) to
a maximum of 3645m in the Karin
Mountains in the north.[9]. Its discharge
flows into the transboundary Hawizeh
marshes that straddle the Iragi and Iranian
border [10],[11]. The major river
regulation started in 2001 with the
construction of the large and multipurpose
Karkheh dam. The water allocations are
expected to increase to 8.6 x 10° m3/yr in
2016 due to investment in various dams
and irrigation schemes currently under
construction or in the planning phase
(Italy-lraq 2006, Masih et al. 2011). The
Karkheh River contributes about 6.3 x 109
me/yr to the Hawizeh marsh under natural
flow conditions (Grego et al. 2004).
However, the water flow to the marshes has
been altered after the dams' construction,
and the discharge may be as low as zero in

the future with the accomplishment of
upstream developments.[1]
The Karun River is among the most
important watercourses of Iran, with the
largest

discharge and is the only navigable
waterway. Similar to the Karkheh River, it
originates in the Zagros Mountains of
western Iran. The river joins the SAR 87
km upstream of the mouth. The Karun
River drains about 63,000 km2, which lies
wholly in Iran (Italy-1rag2006). The Karun
has an average discharge of 24.7 x 10°
m3/yr (Grego et al. 2004). The amount of
freshwater supplied by the Karun River to
the SAR holds significant importance in
reducing seawater intrusion.[12] All these
rivers and Arabian Gulf contribute and
form the water quality of SAR

Factors cause the problem to Iraqi water
sources

The main factors that cause a problem
for the main water resources in lIraq are
divided into two types: Human
interference,  population,  agriculture,
infrastructure and dams. The Second are
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the natural factors which are summarized
as climate change.

First: As the population of the region
progressively increases, the demand for
agricultural products increases and as a
result, the number of water supply projects
also increases. In 1973, Turkey constructed
the Keban Dam in the Euphrates River
Basin; the Syrian Tabga Dam was built and
filled in 1975. The filling of these dams
caused a sharp decrease in downstream
flow and the quantity of water entering Iraq
fell by 25 % [13]. In 1977, Turkey
announced plans for the region’s largest
water development project ever, the
Southeastern Anatolia Project (GAP),
which included 22 dams and 19
hydropower projects built on the
Euphrates-Tigris. The Ataturk Dam
construction in Turkey, one of the GAP
projects, was completed in 1992. Table (1)
shows the large dams in the Euphrates—
Tigris River Basin.[14]. The overall
volume of water to be captured is about 100
km3 three times more than the overall
capacity of Iragi and Syrian reservoirs [15].
In addition to the GAP dams, Syria built
three major dams with a total storage
capacity of 16.1 km? Table (2). When GAP
project is completed, 80% of the Euphrates
water will be controlled by Turkey [58-60].
Syria used to receive 21 kmd/year of the
Euphrates water before 1990, which
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dropped to 12 km?® from 2000 onwards
(40% reduction) [12].

As far as Iraq is concerned, the volume of
the water received dropped from 29 km?3
before 1990 [15] to 4 km® (90% reduction
)[12]. The Ilisu Dam is also expected to
reduce the flow of the Tigris into Syria
and Irag.[16] When the Dam reaches its
final stages, and huge volumes of water are
retained, it cuts Tigris River’s levels to its
half and reduces its quality.[17] Turkey can
exert virtual control over the Tigris and
Euphrates Rivers' water is of vital concern
to Irag, which depends on these two rivers
for much of its water supply. [15]
Turkey’s use of water has so far been
limited mainly to hydropower generation
and irrigation. While the former use is
considered non-consumptive and not
directly linked to water quality, the return
flow from irrigation causes water pollution,
affecting potential downstream uses. Water
quality degrades downstream, with major
pollution inflows from urban areas such as
Baghdad due to poor wastewater treatment
infrastructure [14]. The quality of the water
in Euphrates and Tigris is further degraded
by return flows from land irrigated in lraq
as well as wurban pollution. The
deterioration of water quality and the heavy
pollution from many sources are becoming
serious threats to SAR.
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Table (1) Large Dams in the Euphrates-Tigris River Basin [14]
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Name Nearest city River Year Height Capacity Main
(m) __(millionm?) use®

Keban Elazig Firat 1975 210 31 000 H F
Karakaya Diyarbakir Firat 1987 173 9 580 H
Ataturk Sanliurfa Firat 1992 169 48700 I H
Ozluce Bingol Peri 2000 144 1075 H
Kralkizi Diyarbakir Maden 1997 126 1919 H
Kuzgun Erzurum SerCeme 1996 110 312 ILH
Dicle Diyarbakir Dicle 1997 87 595 LHW
Batman Batman Batman 1999 85 1175 L HF
Erzincan Erzincan Goyne 1997 81 8 I
Zernek Van Hosap 1988 80 104 LH
Kockopru Van Zilan 1992 74 86 LHF
Kayalikoy Kirklareli Kaya 1986 72 150 1
Demirdoven Erzurum Timar 1996 67 34 |
Tercan Erzincan Tuzla 1988 65 178 L H
Birecik Sanliurfa Firat 2000 63 1220 L H
Sarimehmet Van Karasu 199 62 134 |
Sultansuyu Malatya Sultansuyu 1992 60 53 1
Mursal Sivas Nih 1992 59 15 ILH
Surgu Malatya Surgu 1969 55 n 1
Polat Malatya Findik 1990 54 12 |
Goksu Diyarbakir Goksu 1991 s2 62 |
Kayacik Karaburun 2002 S0 117 1
Hancagiz Gaziantep Nizip 1989 as 100 1
Camgazi Adiyaman Doyran 1999 as 56 1
Medik Malatya Tohma 1975 43 22 |
Hacihidir sanliurfa sehir 1989 a2 68 |
K. Kalecik Elazig Kalecik 1974 39 13 |
Gayt Bingol Gayt 1998 36 23 1
Devegecidi Diyarbakir DevegeCidi 1972 33 202 |
Dumluca Mardin Bugur 1991 30 22 |
Karkamis Kahramanmaras  Firat 2000 29 157 H
Cip Elazig Cip 1965 23 7 |
Palandoken Erzurum GedikCayiri 1997 19 1558 |
Porsuk Erzurum Masat 1994 17 770 |

Total 99 598
Al Tabka At Thawrah Euphrates - - 11 200

Total 11 200
Mosul Mosul Tigris 1983 13 12500 1
Derbendi Khan Ba'qubah Diyola river 1962 128 3 000 1
Dokan Lesser Zab 1961 116 6 800 I
Haditha Haditha Euphrates 1984 57 8 200 LH
Hamrin Ba'qubah Diyola river 1980 40 4 000
Dibbis Lesser Zab 1965 15 3000 1
Samarra - Tharthar  Samarra Tigris 1954 - 72 800 F

Total 110 300

Jran (islamic Republic of)

Karoun 3 Eizeh Karoun 2004 205 2970 LH
Dez Andimeshk Dez 1962 203 285 LHW
Karoun 1 Masjedsoleyman  Karoun 1976 200 3139 LH
Masjedsoleyman Masjedsoleyman  Karoun 2001 177 230 LH
Gavoshan Kamyaran Gaveh roud - 136 550 LHW
Karkheh Andimeshk Karkheh 2001 127 5575 ILHF
Vahdat Sanandaj Gheshlagh - 80 224 LH W
Eilam Eilam Baraftab & Chaviz - 65 rAl LW
Guilangharb Guilangharb Guilangharb - 51 17 1
Shahghasem Yasouj Parikedoun 1996 49 9 1
Hana Samirom Hana 1996 36 48 1
Bane Bane Banechay - 20 4 w
Chaghakhor Boldaji Aghbolagh 1992 13 a2 |
Zarivar Marivan Zarivar - n 97 1

Total 15 832

TOTAL 236 930

%, H = Hydrop

. W = Water Supply: F = Flood protection
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Table (2) Dams of the
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River Euphrates in Syria.[12]

Dam Storage Capacity (km’) Year of Operation

Forat 14.163 1978

Baath 0.09 1989
Teshreen 1.883 2000

Total 16.135

Second: Most Euphrates-Tigris River
Basin has a sub-tropical Mediterranean
climate with wet winters and dry summers.
In the mountainous headwater areas,
freezing temperatures prevail in winter and
much of the precipitation falls in the form
of snow. As the snow melts in spring, the
rivers rise, augmented by seasonal rainfall
which reaches its maximum between

March and May. In southeastern Turkey
and the north of the Syrian Arab Republic
and Iraq, the climate is charaterized by

rainy winters and dry, warm summers.
Average annual precipitation in the
Euphrates—Tigris River Basin is estimated
at 335 mm, although it varies all along the
basin area

[18]. In the Mesopotamian Plain, the
annual rainfall is rarely above 200 mm,
while it reaches 1045 mm in other places in
the basin fig.(6).
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Fig(6) Tigris and Euphrates river basins

The summer season is exceedingly hot and
dry, with midday temperatures
approaching 50 °C and with daytime

[annual precipitation][26]

relative humidity as low as 15 percent.
These climatic conditions demonstrate that
both the Euphrates and the Tigris flow
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through semi-arid and arid regions within
the Syrian Arab Republic and Iraq [14]

The Arab region is therefore considered
among the world’s most vulnerable regions
to the adverse impacts of climate change; it
will be especially exposed to diminished
agricultural productivity, higher likelihood
of drought and heatwaves, long-term
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dwindling of water supplies, loss of low-
lying coastal areas, and considerable
implications on human settlements and
socioeconomic systems (IPCC, 2007) [19].
Figure. (7) demonstrated the location of
Turkey in semi-arid where Syria and Iraq
in the Arid Zone.

Fig.(7) Aridity zones of the world[22]

The study by Al-Ansari [12] shows that the
overall  average  evaporation and
evapotranspiration are of the order of 1900
mm per year Fig. (8).

Considerable variability in the climate,
upstream supply and domestic use have
caused Iraq’s hydrological system to
undergo dramatic change over the past 30
years [20].

The factors mentioned above lead to a
shortage of perennial surface water and
mean that reservoirs, lakes, and rivers are

diminished to critical levels. Water levels
in the Tigris and Euphrates rivers, Iraq’s
primary sources ofsurface water, have
fallen to less than a third of their normal
capacity.[20] Fig. (9) shows that Turkey,
Syria and Irag are all experiencing
dramatic decrease in the total amount of
renewable water resources available per
capita. These factors are regarded as the
main reason for the degradation of SAR
water quality.
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Figure 9: Renewable water resources available per capita, 1962-2014[4]

Expected future of SAR Sources

In the future, lraq is facing water shortage
problems due to projected climate change
At the end of the century, the mean
temperatures in the Middle East and North
African countries (MENA region) are
projected to increase by 3°C to 5°C, while the
precipitation will decrease by about 20% [45].
Water run-off will be reduced by 20% to 30%
in most MENA by 2050 [21], and water supply

might be reduced by 10% or greater by 2050
[46]. The weather events will include more
droughts and floods. In a previous paper (12),
The Third Generation Coupled Global Climate
Model (CGCM3.1) (T47) model with the A2
scenario was chosen in order to simulate the
average monthly temperature and rainfall on
Iraq for the historical period 1900-2009, and
for mean future projected temperature and
rainfall until 2099 [47]. The results are shown



MARSH BULLETIN (2)2016

in Figures 10 and 11. A comparison of
temperatures (Fig. 10) shows that the increase
in annual temperature was limited from (1900-
2009), but the increase was more noticeable
during 2020-2099. Figure (11) shows the
average annual rainfall is increased till 1960
then decrease up to 2009 and expected to
increase again until 2039 followed by a
decrease by 2099.[12]

As mentioned before, Turkey's location in a
semi-Arid zone, Syria and Iraq in the Arid zone
(Fig.7). So, they are considered as part of
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drylands. Although the significance of future
global warming for dryland climates cannot be
assessed with confidence, predictions based on
general circulation models  suggest
temperatures will rise in all dryland regions in
all seasons. Predicted increases in temperature
are  expected to increase  potential
evapotranspiration rates in drylands and,
without large increases in precipitation, many
drylands could become more arid in the
coming century.
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Fig.(10) Average annual temperature over the historical and future study periods.[12]
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Fig.11) Average annual rainfall over the study historical and future periods.[12]

Two indicators are used to evaluate
freshwater resources' status; these include
water stress and water scarcity. Figure (12)

shows the projected water supply in major
watersheds in drylands for the year 2025.
Many basins appear to have sufficient



MARSH BULLETIN (2)2016

water for the population of that basin in
2025 [22]. For other basins, including (the
Euphrates and Tigris basin), these
indicators suggest that water supply
problems will occur in the near future. In
addition to climate change, all three
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countries Turkey, Syria, and Irag plan
further  large-scale  water resources
development for agricultural irrigation,
energy, and industrial and municipal uses
in the coming decade.
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Fig.(12) Projected Water Supply in Major Watersheds in Drylands, 2025[22]

This will add pressure to areas and
communities that are already water-
stressed. The upstream development
contributes to water depletion. Figure (13)
illustrates the water depletion through time
and when full upstream development has
taken place.[23] In Turkey, GAP was
intended for completion in 2023, but a
number of projects have been put on hold
or delayed and the target year has been
changed to 2047. The government expects
annual water demand to rise from 50 billion
cubic meters (m?) in 2012 to 112 billion m3
in 2023.[24] The ambitious scale of the
GAP  reflects Turkey’s formidable
projected water needs. Turkey has a
significant capacity to control downstream
river flow. Turkey has an estimated 90
billion m® of water-storage capacity. This
means that the country can, in theory,
prevent all flow of the Euphrates from
entering Syria for two to three years (based
on average yearly flows).[4]

In brief, the construction of dams on the
Tigris and Euphrates and their tributaries
outside the border of lraqg, the effect of
global climate change, and water resources
mismanagement are the main factors in the
water shortage problems in Iraq [25]. At
current rates, Iraq’s water supply will fall
to an estimated 43 km?® by 2015, far short of
the 77 km? that the country will need to
avert the desertification of 1.5 million
hectares of agricultural lands and a
widespread humanitarian crisis.?®
According to a UNESCO- US Government
model, the outlook for annual surface water
supply from 2010 to 2047 shows severe
shortages for Iraqgi agriculture (18
km3/year), the Marshlands (26 km?3/year)
municipal and industrial use.’® An
international report recently warned that
the Tigris and Euphrates rivers could
completely dry up by 2040.3*

The accelerating decline of water supplies
and increasing demand threaten to bring
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Iraq closer to the water poverty threshold
(1,000 m3 per capita).[26]

~~
nE
-
3
L
=
2
0
=
o
= |
S
P
M)
>
\
Lo
o
[V
p.
3]
K =~
7))

Page | 147

Estimated Year of Implementation / Depletion

Fig.(13) Depletion of water from Euphrates [24]

Quality of SAR water

Water quality in SAR is fluctuated from
time to time depending on first:
discharge from the sources. Tigris in Al
Kassarah Dam is currently regarded the
main source. Figure (14) shows the
daily discharge for 2014 and 2015(the
source of data is the Water Resources
Directorate in Basra). During 2014, two
maximum values were only recoded on
12 Feb. (91.73 ms™) and 18 May (92.77
ms1). Otherwise, the trend extended
from 72.2ms on 17 Jan to 36.1ms™ on
13 Dec. In 2015 for five months (Jan. to
May), the discharge ranged from max.
value (47.77) and min. value (25.57).
The discharge values were low and not
sufficient to prevent the salty front

progress with the tidal wave farther to
the upstream. Second: The tidal force
from the Arabian gulf is affected by the
prevailing wind direction. Northerly or
Northwesterly wind tends to keep the tide
dribble; south or southeasterly wind has the
opposite effect and being also affected by
the monthly rhythm of spring and neap
tides. Results presented by (Abdullah et al.,
2015) [1] confirm the substantial variations
in the salinity levels and the SAR. Figure
(15) shows the average salinity
concentration for 10 stations along the
SAR during February 2014, The salinity
levels at the monitoring stations ranged
from 900 ppm of Tigris water (just
upstream of the SAR) to 10,000 at Faw
(near the SAR estuary).[1]
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Fig.(14)Daily discharge in the Al kassarha dam in Missan for 2014, 2015
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Fig(15) average salinity concentration for 10 stations along the

SAR during February 2014 [1]

Figures (16,17,18,19) show the monitoring
of hourly variation of salinity at stations
located along with SAR. table (3) for 2014,
all data were taken from the Marine
Science Center in Basra City. All stations
show that the salinity concentration in the
SAR is not stable and variable from hour to
hour; this variation is very fast with time
and place and reflects the effect of all

factors discussed in this paper. Water with
such salt concentration is not suitable for
drinking, irrigation, and other purposes.
The results presented in this paper clearly
show a significant increase in salinity over
time and from upstream to downstream of
the SAR. A decline in quantity and quality
of freshwater from the sources due to
increased withdrawals and consumptions is
regarded as the major reason.
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Table (3) location of monitoring station on ASR

Station Name Latitude Longitude
Tigris 31941 47.26
Makel 30.49 47.46

Abo Flus 30.27 48.01
Sehan 30.19 48.11

Expected future of SAR

As noted from the figures, salinity
concentration increases with time. As long
as the SAR sources go on water shortage or
could completely dry up by 2040; Water of
SAR will turn into seawater from the

Arabian Gulf the tidal wave. We must
seriously think from now how to solve this
problem to sustain agriculture and provide
water for drinking to the province of Basra.

conductivty

2441

Fig.(16) Tigris station monitoring hourly variation of salinity for the year 2014



MARSH BULLETIN (2)2016 Page |150

Makel

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

conductivity (ps/cm)

N N
%) ©
9 &Q

R NN ICOMIN

) % ™
S ) S )
u"/’\ u"’q’ v"c’b v"c’b &

date and time (hour)

Fig.(17) Makel station monitoring hourly variation of salinity for the year 2014

Fig.(18) Sehan station monitoring hourly variation of salinity for the year 2014
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Fig.(19) Abo Flus station monitoring hourly variation of salinity for the year 2014

Conclusion

Shatt Al-Arab River is regarded as the main
source of surface water in Basra
governorate; its water is used for various
purposes; drinking, irrigation, fisheries,
navigation, and industry. SAR forms at
Qurna where the Tigris and Euphrates
Rivers join together; it is a conjunction of
freshwater from Irag into the Arabian Gulf.
Two Factors cause the problem to Iraqi
water sources, the first includes human
interference,  population,  agriculture,
infrastructure and dams. The Second is the
natural factors which are summarized as
climate change.

The construction of dams on the Tigris and
Euphrates and their tributaries outside the
border of Irag, the effect of global climate
change and mismanagement of water
resources are the main factors of the water
shortage problems in Iragq. According to a
UNESCO- US Government model, the
outlook for annual surface water supply
from 2010 to 2047 shows severe shortages
for Iragi agriculture (18 km?d/year), the
Marshlands (26 km?®/year) as for municipal

and industrial use. An international report
recently warned that the Tigris and
Euphrates rivers could completely dry up
by 2040.

Water quality in SAR is fluctuated from
time to time depending on first:
discharge from Tigris in Al Kassarah
Dam and second: on the tidal force from
the Arabian gulf which is affected by the
prevailing wind direction. The monitoring
of hourly variation of salinity at stations
located along SAR. show that the situation
of the salinity concentration in the SAR is
not stable and variable from hour to hour,
this variation is very fast with time and
place and reflects the effect of factors
discussed in this paper.

The results presented in this paper clearly
show a significant increase of salinity over
time and from upstream to downstream of
the SAR. Decline in quantity and quality of
freshwater from the sources due to
increased withdrawals and consumptions is
regarded as the major reason for this
problem. and a further reduction in fresh
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water levels would, even more, increase the
salinity levels in the SAE

It is noted from the figures; salinity
concentration increases with time and, as
long as the sources of SAR go on water
shortage or completely dry up by 2040;
water of SAR will turn into seawater
coming from the Arabian Gulf with the
tidal wave. So that, we must seriously think

References:

[1]- Abdullah, A. D., Masih, I., van der Zaag,
P., Karim, U. F. A., Popescu, I., & Al Suhail,
Q. (2015). Shatt al Arab River system under
escalating  pressure: a  preliminary
exploration of the issues and options for
mitigation. International Journal of River
Basin Management, 13(2), 215—
227.doi:10.1080/15715124.2015.1007870 [
[2]-V. A. Isaev, M. V. Mikhailova,2009, The
Hydrography, Evolution, and Hydrological
Regime of the Mouth Area of the Shatt Al-
Arab River, Water Resources, Vol. 36, No. 4,
pp. 380-395

[3]- United Nations New York, 2013,
inventory of shared water resources in
western Asia, chapter 5. Shatt Al Arab,
Karkheh and Karun Rivers

[4]- M. Nouar Shamout with Glada Lahn,
2015, The Euphrates in Crisis: Channels of
Cooperation for a Threatened River, Energy,
Environment and Resources, April

[5]- Nadhir Al-Ansari, Ammar A. Ali, Sven
Knutsson, Irag Water Resources Planning
Perspectives and Prognoses, Jeddah Saudi
Arabia Jan 26-27, 2015, 13 (01) Part XIII

[6] - I. E. Issa, N. A. Al-Ansari, Govand
Sherwany, S. Knutsson,2014, Expected
Future of Water Resources within Tigris-
Euphrates Rivers Basin, Irag, Journal of
Water Resource and Protection, Published
Online  April 2014 in SciRes.
http://www.scirp.org/journal/jwarp
http://dx.doi.org/10.4236/jwarp.2014.65042

[7]- Al-Ansari, N., Knutsson, S. and Ali, A.,
2012, Restoring the Gardenof Eden, Iraq, J.
Earth Science and Geotechnical Engineering,
V.2, No. 1,53-88

[8]- Al-Shahrabaly, Q.M., 2008, River

discharges for Tigris and Euphrates

Page | 152

from now to solve this problem, through
applying the following recommendations:
1- The establishment of a giant desalination
plant, 2-Wastewater Treatment and
Reclamation Plant, 3-Dam construction, 4-
Activating the irrigation Ktiban channel, to
sustain agriculture and provide water for
drinking to the province of Basra.

gauging stations, Ministry of Water
Resources, Baghdad (in Arabic).
[9] Behzad Hessari, Adriana Bruggeman, Ali
Mohammad Akhoond-Ali, Theib Oweis, and
Fariborz Abbasi,2016. Supplemental irrigation
potential and impact on the downstream flow
of Karkheh River basin in Iran, Hydrol. Earth
Syst. Sci., 20, 1903-1910
[10] Masih, 1., et al., 2011. Assessing the
impact of areal precipitation input on
streamflow simulations using the SWAT
model. Journal of the American Water
Resources Association (JAWRA), 47 (1), 179-
195. d0i:10.1111/j.1752-1688.2010. 00502.x.
[11] Hessari, B., et al., 2012. Supplemental
irrigation potential and impact on downstream
flow of Karkheh river basin of Iran.Hydrology
Earth System Sciences Discussions, 9, 13519—
13536.
[12]- Nadhir A. Al-Ansari, Management of
Water Resources in Irag: Perspectives
and  Prognoses,  scientific  Research,
Engineering, 2013, 5, 667-684
http://dx.doi.org/10.4236/eng.2013.58080
Published Online August 2013
(http://www.scirp.org/journal/eng)
[13] M. El-Fadel, Y. El Sayegh, A. Abou
Ibrahim, D. Jamali, and K. El-Fadl, 2002, The
Euphrates.Tigris Basin: A Case Study in
Surface Water Conflict Resolution, J. Nat.
Resour. Life Sci. Educ., Vol. 31
[14]- FAW Aquastat, Euphrates-Tigris River
Basin, 2009
[15]- N. A. Al-Ansari and S. Knutsson,
“Toward Prudent Management of Water
Resources in Iraq,” Journal of Advanced
Science and Engineering Research, Vol. 1,
2011, pp. 53-67.
[16] Julia Harte,2014, Tigris River Dam puts
wildlife and culture at risk, critics say.



http://www.scirp.org/journal/jwarp
http://dx.doi.org/10.4236/jwarp.2014.65042
http://dx.doi.org/10.4236/eng.2013.58080%20Published%20Online%20August%202013
http://dx.doi.org/10.4236/eng.2013.58080%20Published%20Online%20August%202013

MARSH BULLETIN (2)2016

http://news.nationalgeographic.com/news/201

4/02/140221-tigris-river-dam-hasankeyf-

turkey-irag-water/

[17] Amjad Salah, Ammar Tarek , 2013

http://www.alsumaria.tv/news/87683/turkishil
isu-dam-threatens-to-swallow- h/en#

[18] New, M., Lister, D., Hulme, M. and

Makin, I. 2002. A high-resolution data set of

surface climate over global land areas. Climate

Research Clim Res. Vol. 21

[19]- Arab Environment: Climate Change,

Impact of Climate Change on Arab
Countries, 2009. Edited by Mostafa K. Tolba,
Najib W. Saab

[20]- United Nations Assistance Mission for

Iraq United Nations Country Team in
Iraq, Water Resource Management
White Paper June 2010
[21] [IPCC (Intergovernmental Panel on
Climate  Change), Climate  Change
Adaptation and Vulnerability, Cambridge
University Press, Geneva, 2007.

[22]- Robin P. White, Janet Nackoney,2003,
Drylands, People, and Ecosystem Goods
and Services: wri.org/publication

[23]- Professor S.G. Hajjar,2001, The

Euphrates-Tigris Basin and the Southeastern

Anatolia Project: Is Armed Conflict in the

Offing? U.S. Army War College Carlisle

Barracks, Pennsylvania 17013

[24]- Report No. 36297-1Q ,2006, Iraq:

Country Water Resource Assistance

Strategy: Addressing Major Threats to

People’s Livelihoods, Document of the World

Bank, Water, Environment, Social and Rural

Developmen Department, Middle East and

North Africa Region.

[25]- Salih Korkutan, 2001, the sources of

conflict in the Euphrates-Tigris Basin and

its strategic consequences in the middle east.

Thesis of master of arts in national security

affairs, Naval Postgraduate School Monterey,

California

[26]- United Nations, “Water Resources

Management White Paper,” United Nations

Assistance Mission for Irag, United Nations

Country Team in Iraq, 2010.

Page | 153

[27]- Water Resources Directorate in the
Basra, Ministry of water resource Irag.

[28]- 1AU, Iter- agency information and
analysis Unit 2012, Climate change In Iraq
Fact sheet

[29]- John F. Kolars, William Mitchell, The
Euphrates River and the Southeast Anatolia
Development Project. Carbondale and
Edwardsville: Illinois:  Southern Illinois
University Press, 1991, 23.

[30]-Simone Grego, Andrea Micangeli, 2004,
Stefano Esposto, Water purification in the
Middle East crisis: a survey on WTP and CU
in Basrah (Iraq) area within a

research and development program,
Desalination, 165, 73-79.

[31]- B. Hessari, A. Bruggeman, A. Akhoond-
Ali, T. Oweis, and F. Abbasi,Supplemental
irrigation  potential and impact on
downstream flow of Karkheh River Basin of
Iran, Hydrology Earth System Sciences
Discussions, 9, 13519—

13536.

[32]- Muhanned Al-Murib,2014, Application
of CE-QUAL-W?2 on Tigris River in

Iraq, Civil and Environmental Engineering

Master's Project Reports, Portland State

University PDX Scholar

[33]- I. Alalaf, “Ilisu Dam and Its Effect on
Man and Environ- ment in Iraq and Turkey,
Batnaya,” 2009.
http://www.batnaya.net/forum/showthread.p
hp?s=9bd97aa8bfae0b9b35554d8ce6c2787¢
&p=151263#post151263

[34]- N.F. Al-Mudaffar,2014 B. A. Mahdi,
Iraq’s inland Water quality and their impact
on the North Western Arabian Gulf, Marsh
Bulletin

[35]- Tigris and Euphrates River basin map.
Annual precipitation in the river basin for
Iraq, Turkey, Iran, and Syria, 2009,
http://dspace.library.uvic.ca/handle/1828/23
97

[36] - International Energy Agency (2012),
World Energy Outlook, pp. 101-102,
http://www.worldenergyoutlook.org/ media/
weowebsite/2012/



http://news.nationalgeographic.com/news/2014/02/140221-tigris-river-dam-
http://news.nationalgeographic.com/news/2014/02/140221-tigris-river-dam-
http://www.alsumaria.tv/news/87683/turkishilisu-dam-threatens-to-swallow-%20%20h/en
http://www.alsumaria.tv/news/87683/turkishilisu-dam-threatens-to-swallow-%20%20h/en
http://www.batnaya.net/forum/
http://dspace.library.uvic.ca/handle/1828/2397
http://dspace.library.uvic.ca/handle/1828/2397

MARSH BULLETIN (2)2016 Page | 154

Miiwa g ) pala @ gl a4 68 Al Glaal)

el o palall 2o

3 paill dzala jladll agle S 5
aliiiall
5wl dlailae 8 dnlandl olall sl demal) ey LS ¢ 3 all L dagall s Apmarijl) 5ei¥) (e anl s el i 2y
oY) dyem 5 Jaill 5 delivall y gl oyill ¢ al e W) Cilida b Aalia adiidiy
Ll g5 i omd) lad) (3 el e Audal) elall Jiiy g A3 81 (&l Jall g Alas (5 el sl (e oyl Ja gl (5
olaall sl B 5 (e A3l Aglaall el (5 A5 Aalae ol (Il 3 138l (5 a5 ¢ A ll) 580 55 253 el
A )1 sS H3 A3V 38 58 3k 3 ) el Tl Al gl olall iy o A6 e Al ApailiY
iy i 5 DL 53 sy il Jalat IV (o olall Ay 541 Gailimdll s 8wl ) ol gall 5 i il jall o2a 3
a il <l Jall 5 Alad (5 il Al aleadl) an) i i Abiiadl bl e o guial) Jalosh 25 LS 5 L) au e slyall
ol bl e
hae 9585 el bk 8 oliall ApeS 5 dae 3 ) a5 () (g e ) e 2l 35 (B BT S 5 b ) (e iy
Lol () Jsatin ol ol olae ()8 Dline Lgilia ) Lgdy poaal 8 ala (il (I (ia jaties St )l ol o ol
ol s el 5l (el laldl (e daald

z\:ﬁ;\.ﬂ\ ?L.J\ e olia ‘cjnf\ /‘?\:ﬂ.lszum Cbass cclzml\ Cilzanting :%_\;1:\5.4 GR ALY



